INTRODUCTION
Remote Sensing plays a very important role in achieving the United Nations Sustainable Development Goal 2: Zero Hunger. Crop monitoring provides timely information about the crop conditions at various stages and helps to estimate area and yield at national and even village levels (Pazhanivelan et al., 2015) . Yield information is very useful in checking the price fluctuations of food crops and monitoring the food reserves. The area estimates are useful in planning and policy making at various administrative levels. We need accurate data at various temporal and spatial scales to monitor the agricultural lands and the changes over time. Usually active sensors are preferred for crop monitoring as they have better accuracy than the optical data. But combining both the optical and SAR data gave better results (Forkuor, Conrad, Thiel, Ullmann, & Zoungrana, 2014) . The performance differs with the polarisation used for identifying the crops. The phenology of the crop also plays an important role in these kind of studies (Skriver, 2012) . The nature of back scattering differs for crops with broad leaves and narrow leaves (Bargiel & Herrmann, 2011) . Broader leaf crops usually have higher backscattering than narrow leaf crops (Macelloni, Paloscia, Pampaloni, Marliani, & Gai, 2001 ). The prime objective of this study is to combine optical and SAR data of various polarisations for cotton and maize area estimation and to extract the backscatter coefficients of these crops.
MATERIALS AND METHODS

Study Area
Perambalur district is a centrally located inland district of Tamil Nadu with a spread over of 1750 sq.kms. The climate is hot sub humid to semi-arid. The mean annual maximum and minimum temperature are 32.6 
Data Used
In a country like India, where the agriculture is dependent on the monsoons, we need SAR data, which can penetrate through the clouds and help us with the crop monitoring. Sentinel1-A, carrying a C-band radar system with VV (Vertical-Vertical) and VH (Vertical-Horizontal) polarization were obtained at twelve days interval and it was used for crop monitoring. The spatial resolution of the Sentinel-1A data is 20m. The Landsat 8 OLI data acquired on 7th October 2016 was chosen for the study, as it was cloud free. The resolution of Landsat 8 data is 30m. Most of the processing was done using SNAP and ERDAS Imagine. Figure 2 . Methodology adopted 2.3.1 Pre-processing: The VV and VH polarized intensity bands were pre-processed to remove unwanted distortions and enhance the features in the scene. Subset of the study area was created and orbital correction was applied. All the 'no-values' pixels along the border were removed and then calibrated. The images were geometrically corrected to WGS84 projection using range Doppler terrain correction method and resampled using nearest-neighbour algorithm.
Methodology
Post-processing:
Both the VV and VH polarized images were co-registered and stacked separately in the order from 02-August, 2016 to 17-January, 2017. After de-speckling, the intensity values of SAR images were converted to dB using the linear to dB conversion tool.
Ground Truth Collection:
For training and validation, ground survey was conducted during January 2017. Totally, fifty-eight points were surveyed for maize (26 points) and cotton (32 points). Random sampling method was used to assign separate training (50%) and validation (50%) datasets from the ground reference data collected during the field observations. For all the classification methods, the same set of training samples and validation samples were maintained. 
Crops
Signature Extraction:
The radar-backscattering coefficient (σ 0 ) is a measure of crop biomass, plant height, water content, underlying soil, crop phenology etc. The SAR data collected during the cropping period were processed and analysed using the training pixels to derive the temporal backscattering coefficient (σ 0 ) for Cotton and Maize. The minimum, maximum and mean temporal backscattering signature for Vertical-Vertical (VV) and Vertical-Horizontal (VH) polarized SAR data for cotton and maize were derived. The mean backscattering values for maize crop during the entire cropping period ranges from -13.59 dB to -7.91 dB and from -19.03 dB -15.18 dB for VV and VH polarization respectively. For cotton crop, it ranges from -13.06 dB to -8.07 dB and from -19.56 dB to -15.92 dB for VV and VH polarized data respectively.
Image Classification:
The combined K-means and hill-climbing algorithm was adopted for classification. All the combinations were separately processed and the clusters were properly matched with the ground truth training data and reclassified. The classified images were further evaluated for accuracy with validation data. Figure 5 . Classified image using unsupervised classification for VV polarization Figure 6 . Classified image using unsupervised classification for VH polarization 2.3.6 Accuracy Assessment: Accuracy assessment was conducted with a total of 58 points (cotton-32 points and maize-26 points) randomly spread over the study area. The overall accuracy, producer's and user's accuracies were determined. The overall accuracy for VV classified image is 60.87%, for VH it is 64.29%, for VV/VH it is 52.94%, for Landsat it is 48.65%, for Landsat 8 and VV polarization fusion image it is 72.73% and for Landsat 8 and VH polarization fusion image it is 76.24%. 
RESULTS AND DISCUSSIONS
Radar Backscattering Signature
The temporal backscattering coefficient (σ 0 ) for cotton and maize are extracted using the training datasets. The mean backscattering values for cotton during the entire cropping period ranges from -13.06 dB to -8.07 dB and -19.56 dB to -15.92 dB for VV and VH polarized data respectively and for maize it ranges from -13.59 dB to -7.91 dB and -19.03 dB to -15.18 dB for VV and VH polarized data respectively.
Crop Classification
Unsupervised classification classified 22,039 ha of cotton and 24,810 ha of maize in VV polarized data, 20,287 ha of cotton and 21,091 ha of maize in VH polarization, 20,321 ha of cotton and 19,843 ha of maize in VV/VH polarization, 27,097 ha of cotton and 24,815 ha of maize in optical data, 19,068 ha of cotton and 28,772 ha of maize in VV polarization and landsat8 fused data and 20,218 ha of cotton and 28,032 ha of maize in VH polarization and landsat8 fused data. The highest accuracy of 76.24% was achieved in SAR and optical image fused classified image.
Parameters
Maize ( 
CONCLUSION
Thus, the area of cotton and maize were estimated using both SAR and optical data. K means clustering unsupervised classification technique was adopted to classify the cotton and maize pixels. The highest accuracy of 76.24% was achieved for VH and optical fused data where the area of maize and cotton were estimated to be 28,032 ha and 20,218 ha respectively. The temporal backscattering coefficients of cotton and maize were analysed throughout their vegetative and reproductive phases. This study can be further extended to estimate the yield of cotton and maize.
